WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) international Patent Classification 7 : 
H04J 3/16 



Al 



(11) International Publication Number: WO 00/54442 

(43) International Publication Date: 14 September 2000 (14.09.00) 



(21) International Application Number: PCT/US00/06168 

(22) International Filing Date: 10 March 2000 (10.03.00) 



(30) Priority Data: 
09/265,764 



10 March 1999 (10.03.99) 



US 



(71) Applicant (for all designated Stales except US): NOKIA 

MOBILE PHONES LIMITED IF1/FI]; Keilalahdentie 4, 
FlN-50 Espoo (FI). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HEIDARI, Ghobad [IR/US]; 
13886 Camino Del Suelo, San Diego, CA 92129 (US). 

(74) Agents: KELLY, Robert, H. et al.; Holland & Hart, LLP, 90 
S. Cascade Avenue, Suite 1000, P.O. Box 2341, Colorado 
Springs, CO 80903 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB. GE, HU. 1L, 
IS. JP, KE, KG, KP, KR, KZ. LK, LR. LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI. SK, TJ, TM. TR, TT, UA, UG, US, UZ, 
VN, ARIPO patent (GH. GM, KE, LS, MW, SD, SL, SZ. 
TZ, UG, ZW), Eurasian patent (AM. AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT. SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML. MR, 
NE, SN, TD, TG). 



Published t 

With international search report. 



(54) Title: APPARATUS, AND ASSOCIATED METHOD, BY WHICH TO DETECT PAGING MESSAGES AT A MOBILE STATION 




f/f//(1fc £2 (2A j26 

| BSC \ 1 MSC | 1 PSTN | —< H" COMMUNICATION} 



(57) Abstract 

Apparatus, and an associated method, for operating a mobile station (12) to receive paging messages broadcast thereto. Determination 
of operating characteristics, such as noise levels or fading levels, are made. Responsive to such determinations, selection is made either 
to cause operation of the mobile station (12) responsive to page indication bits broadcast upon a quick-paging channel (F-QPCH), or to 
merely monitor the paging channel in conventional manner. 



^MRnnr.ir> <wo 0054442A1 I > 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BR 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy. 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CII 


Switzerland 


KG 


Kyrgyrstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakxtan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federal ton 






DE 


Germany 


U 


Liechtenstein 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LrR 


Liberia 


SG 


Singapore 







BNSDOCID: <WO 0054442A1_L> 



PCT/US00/06168 
1 

APPARATUS, AND ASSOCIATED METHOD, BY WHICH 
TO DETECT PAGING MESSAGES AT A MOBILE 

STATION 

The present invention relates generally to paging of a receiving 
5 station, such as a mobile station operable in a cdma2000 cellular 

communication system constructed pursuant to a proposed cdma2000, or 
other third generation system, to alert the receiving station of a call message 
to be terminated thereat. More particularly, the present invention relates to 
apparatus, and an associated method, by which to selectively make use of 
10 page indication bits, such as those transmitted during operation of the 
proposed cdma2000 system. Operation of an embodiment of the present 
invention improves paging reliability and flexibility as well as permits the 
levels of power consumption at the receiving station to be reduced. 

BACKGROUND OF THE INVENTION 

]5 The use of wireless communication systems by which to communicate 

telephonically has achieved wide levels of usage in recent years. 
Advancements in communication technologies have permitted the 
development, and popular usage, of new types of communication devices, of 
improved performance capabilities, of increased portability, and of increased 

20 affordability. 

In contrast to conventional, wire-line communication systems, a 
communication channel formed to extend between a sending station and a 
receiving station in a wireless communication system, is formed of one or 
more radio channels. A radio channel is defined upon a portion of the 
25 electromagnetic frequency spectrum. Information to be communicated by 
the sending station to the receiving station is converted into a form, 
typically by way of a modulation process, to permit its communication upon 
the radio channel. Because of the use of radio channels to effectuate 
communication between the sending and receiving stations, conventional 
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wire-line connections are not required to be positioned to extend between 
such sending and receiving stations. The costs associated with the 
installation of a wireless communication system, as a result, are sometimes 
less than the costs required to install a wire-line system. Utilization of a 
5 wireless communication system is also advantageous in that communication 
therethrough can be effectuated from locations at which the installation of a 
wire-line connection would be impractical, 

A cellular communication system is exemplary of a wireless, multi- 
user communication system which has achieved wide levels of usage in 
10 recent years. Telephonic communication, of both voice and -data messages, 
is possible by way of a cellular communication system. A conventional 
cellular communication system includes a network infrastructure, including a 
plurality of fixed-site base stations installed throughout a geographical area. 
Telephone communications are effectuated by way of the fixed-site base 
15 stations with mobile stations positioned within the geographical area 
encompassed by the network infrastructure. 

Various standards have been promulgated to define the operational 
requirements of various types of cellular communication systems. Cellular 
communication systems have been correspondingly constructed to comply 
20 with such standards. For instance, the T1A/EIA-95-B interim standard, 
promulgated by the E1A/T1A, is exemplary of a standard which sets forth 
operational requirements of a cellular communication system. The 
T1A/EIA-95-B standard is a CDMA (code-division multiple-access) cellular 
communication system. 
25 In a CDMA system, a plurality of concurrently generated 

communication signals, such as those generated during operation of a 
plurality of mobile stations, are transmitted upon a common portion of the 
electromagnetic spectrum. Each communication signal is uniquely encoded 
at a sending station, and a channel is defined by the unique code by which a 
30 communication signal is encoded. A receiving station uniquely decodes the 
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uniquely encoded communication signal, thereby to recover the 
informational content thereof. In a multi-user cellular communication 
system, the concurrently-generated communication signals are generated by 
the transmitter portions of the radio base stations and mobile stations of the 
5 system. And, the receiver portions of such regular base stations and mobile 
stations are operable to receive, and thereafter decode, such communication 

signals. s 

Conventionally, when a message, a "call", is to be terminated at a 
mobile station, the network infrastructure broadcasts a paging message to 
10 alert the mobile station of the message. Responsive to the detection of the 
page, the mobile station is caused to perform various operations to receive 
the terminating message. Between calls, portions of the mobile station are 
usually powered-down to reduce power consumption at the mobile station. 
By reducing power consumption, the battery life of a battery power supply 
15 used to power the mobile station can be increased. 

In the T1A/E1A-95-B standard, for instance, a paging channel slot 
defined upon a paging channel is assigned to a group of mobile stations. 
When a message is to be terminated at a mobile station, a page is broadcast 
to the mobile station during the paging channel slot assigned to the mobile 
20 station. The mobile lt wakes-up" prior to its designed pager slot to receive 
the message during that slot. The paging channel slot is defined in a manner 
such that the paging channel slot assigned to a particular mobile station 
repeats at regular intervals, thereby defining a paging channel slot cycle. 
The mobile station must be powered to an extent to permit its 
25 detection of a paging message broadcast during the paging channel slot, but, 
during other times, the mobile station is able to power-down and enter a 
standby mode, thereby to reduce power consumption of the mobile station. 
Additional details of the manner by which a mobile station is paged in a 
cellular communication system constructed pursuant to the T1A/E1A-95-B 
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standard is described in the T1A/E1A-95-B specification, and the contents of 
which are incorporated herein in their entirety. 

Proposals have been set forth for a new third-generation (3G), 
cellular communication system standard, referred to as the cdma2000 
5 standard. The cdma2000 standard is sometimes also referred to as an IS- 
95C standard or IS-2000 standard. Proposals set forth in such standard 
provide for the communication of both voice and data messages. Various of 
such proposals set forth in the cdma2000 standard provide for the 
effectuation of communication in more efficient manners than permitted in 
10 existing systems. 

For instance, the cdma2000 standard provides .or a forward link 
quick-paging channel (F-QPCH) upon which indications, i.e., paging-bits 
are broadcast to a mobile station when a message is to be terminated at the 
mobile station. Transmission of the page indication bits permits a mobile 
15 station to determine quickly if a paging signal is to be transmitted to the 
mobile station to alert the mobile station of a terminating message to be 
terminated thereat. When a page is to be broadcast, a pair of page 
indication bits are first transmitted to the mobile station to indicate to the 
mobile station that a paging message is to be broadcast during a subsequent 
20 paging channel slot. Thereby, the mobile station is alerted to power-up to 
detect the subsequently-transmitted page. 

In the absence of page indication bits, the mobile station is able to 
quickly determine that a page shall not be broadcast during a subsequent 
paging channel slot. The mobile station can power-down, thereby to 
25 conserve power. Thereby , power consumption of the mobile station is 
reduced in the event that no page indication bits are broadcast. 

While such mechanism provides the possibility of improved power 
consumption characteristics of the mobile station, the existing manner by 
which the mobile station makes use of the page indication bits is strictly 
30 construed. Existing mobile station methodology as set forth in the T1A 
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contributions for the cdma2000 standard utilizes a prescribed analysis of the 
page indication bits. Namely, if the first of a pair of indication bits is of a 
logical zero value the mobile station powers-down to a standby mode, 
thereby to ignore a second paging bit of the pair as well as to remain in the 
5 standby mode for a subsequent paging channel slot. Conversely, if the first 
paging bit is of a logical one value, the mobile station must receive the 
second paging bit prior to determining its subsequent operation. If the 
second paging bit is also of a logical one value, confirmation is made of the 
value of the first-detected paging bit. And, the mobile station is caused to 
10 power-up to detect and decode the page broadcast on a subsequent paging 
channel slot. If, conversely, the second paging bit of the pair of page 
indication bits is of a logical zero value, the mobile station thereafter 
powers-down to a standby mode and does not remain powered-up during a 
subsequent paging channel slot. 
15 The existing methodology incorporates inflexible rules which are 

unpermitting of variation to take into account the varying environmental 
conditions and changes in system operation. 

A manner to permit more flexible use of the page indication bits ■ 
broadcast on a quick paging channel would facilitate improved operation of 
20 the mobile station. 

It is in light of this background information related to paging of a 
radio receiving device that the significant improvements of the present 
invention have evolved. 

SUMMARY OF THE INVENTION 

25 The present invention, accordingly, advantageously provides 

apparatus, and an associated method, by which to selectively make use of 
page indication bits, such as the page indication bits defined in the 
cdma2000 specification, used to alert a mobile station of a page to be 
broadcast thereto. 
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Operation of an embodiment of the present invention provides a 
dynamic manner by which to selectively utilize page indication bits 
broadcast upon a quick paging channel (F-QPCH)defined in a cdma2000 
cellular communication system. Determination is made of the likelihood 
5 that the values of the page indication bits are accurate. Responsive to such 
a determination, selection is made as to the manner, and if, the page 
indication bits are utilized at the mobile station to facilitate effectuation of 
paging operations at a mobile station. Operation of an embodiment of the 
present invention facilitates a reduction in power consumption requirements 
10 of a mobile station, as well as also providing for improved paging reliability 
at the mobile station. 

In one implementation, when a determination is made that the 
operational conditions indicate that the values of the page indication bits, 
when received at the mobile station, are likely to be accurate, viz., are likely 
15 to correspond in value to the values of such page indication bits transmitted 
by the network infrastructure to the mobile station, only "a single one of a 
pair of page indication bits is utilized by a mobile station to determine 
whether a page is to be broadcast to the mobile station. Reduced power 
consumption of the mobile station is thereby permitted as the value of only a 
20 single paging bit need be determined to select whether to power-down to a 
standby mode or to power-up during a subsequent paging channel slot to 
receive and decode a paging message broadcast thereon. 

A determination is made, e.g., of signal quality measures including 
signal quality levels of the page indication bits responsive to the operating 
25 parameter, the power-up schedule of the mobile station due the other (non- 
page related) factors, the importance level associated with receiving a page, 
and any user choices relative to the priority of pages versus power 
conservation. 

In another implementation, if a determination is made that 
30 communication conditions prevent assurances that a single paging bit is 



WO 00/54442 PCT/USOO/06168 



likely to be accurate, the mobile station is caused to be operated to 
determine values of both page indication bits of a pair of page indication 
bits and to select whether to maintain the mobile station in a powered-up 
mode during a subsequent paging channel slot responsive to determination 
5 of values of both of the page indication bits. Soft combining, for instance, 
of the two page indication bits can be performed to determine the values of 
the page indication bits. 

In another implementation, if a determination is made that the values 
of the page indication bits are not likely to be valid or if the mobile station 
10 has other reasons to be powered up during the page slot, the mobile station 
is caused not to determine values of the page indication bits, and, instead, to 
tune to the paging channel during the paging channel slot assigned to the 
mobile station and to determine therefrom whether a paging message is 
broadcast thereto. 

15 As the operational conditions in which the mobile station is operated 

is susceptible to change over time, operation of the mobile station is 
correspondingly caused to change with changing operational conditions. 
Thereby, a dynamic manner is provided by which to efficiently determine 
whether a paging message is broadcast to the mobile station, depending 
20 upon the operational conditions of the communication system. 

In these and other respects, therefore, apparatus, and an associated 
method is provided by which to operate a radio device in a selected manner 
to receive paging messages. The radio device is operable in a radio 
communication system in which paging messages are selectively transmitted 
25 to the radio device upon a paging channel slot assigned to the radio device, 
the paging channel slot being defined upon a paging channel. Page 
indication bits are transmitted to the radio device at time intervals 
corresponding to the paging channel slot, and the page indication bits are of 
values representative of transmission of a paging message upon a paging 
30 channel slot. A determiner is coupled to receive indications of an operating 
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parameter of signal conditions related to transmission of the page indication 
bits to the radio device. The determiner determines signal quality levels of 
the page indication bits responsive to the operating parameter. A selector is 
coupled to receive indications of determinations made by the determiner. 

5 The selector is operable responsive to the indications of the determinations 
by the determiner to select the selected manner by which to operate the 
radio device to receive the paging message. 

A more complete appreciation of the present invention and the scope 
thereof can be obtained from the accompanying drawings which are briefly 

10 summarized below, the following detailed description of the presently 
preferred embodiments of the invention, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 illustrates a representation of a portion of a cellular 
communication system containing radio base stations, each capable of 
15 communication with a mobile station constructed pursuant to an 
embodiment of the present invention. 

Figure 2 illustrates a graphical representation of the relationship |t 
between page indication bits and a paging channel slot, all as defined in a 
cdma2000 cellular communication system. 
20 Figure 3 illustrates a functional block diagram of a mobile station of 

an embodiment of the present invention. 

Figure 4 illustrates a flow chart illustrating operation of the mobile 
station shown in Figure 3 according to an embodiment of the present 
invention. 

25 Figure 5 illustrates a method flow diagram listing the method steps of 

the method of operation of an embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Turning first to Figure 1, a portion of a cellular communication 
system, shown generally at 10, provides for wireless communications with 
5 mobile stations, of which the mobile station 12 is exemplary. The system 10 
includes a plurality of spaced-apart radio stations 14. in the implementation 
shown in the Figure, sets of three radio base stations are co-located, each of 
the co-located base stations defining a separate cell. In like manner, other 
sets of radio base stations also define cells 16, and the cells 16 collectively 
10 encompass the geographical area throughout which radio coverage is 
provided by the cellular communication system. 

Groups of the radio base stations 14 are coupled to a BSC (base 
station controller) 18. A BSC is operable to control operation of the radio 
base stations coupled thereto. Groups of BSCs are coupled to an MSC 
15 (mobile switching center). An MSC is operable, amongst other things, to 
perform switching operations. The MSC is coupled to a PSTN (public- 
• switched, telephonic network) 24 and, and the PSTN is coupled to 
communication stations, such as the communication station 26. 
Telephonic communications are effectuated between a 
20 communication station, such as the communication station 26 and a mobile 
station, such as the mobile station 12 by forming communication paths 
between the communication station, through the PSTN 24, the various 
elements of the network infrastructure of the cellular communication 
system, and over a radio link formed between the network infrastructure and 
25 the mobile station. Because of the radio-channel connection between the 
mobile station and the network infrastructure, communications can be 
effectuated with the mobile station without requiring a wire line connection 
to be formed with the mobile station. 

When a call, or other communication message, is to be terminated at 
30 i.e., placed to, the mobile station, the mobile station is alerted by way of a 
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page message broadcast by the network infrastructure to be detected by the 
mobile station. The TIA/E1A-95-B standard sets forth a paging procedure 
in which a paging channel is defined. Paging messages are broadcast on the 
paging channel for transmission to the mobile station. And, the cdma2000 
5 standard further defines a manner by which page indication bits are also 
broadcast to the mobile station to alert a mobile station of a forthcoming 
paging message which, in turn, alerts the mobile station of a terminating 
call. 

Figure 2 illustrates the relationship between paging channel slots 
10 defined upon a paging channel and page indication bits defined in the 

cdma2000 cellular communication system. Such illustration is excerpted 
from the 1S-2000.4 standard, the contents of which are incorporated by 
reference herein. The paging channel, shown generally at 32, at the top 

portion of the diagram is divided into 80 ms, paging-channel slots 34. 

» 

15 During operation, a particular paging-channel slot is assigned to a mobile 
station, e.g., during 1.28 second assignations. 

A mobile-station-assigned quick paging channel 36 is also shown in 
the figure. The quick paging channel (QPCH) 36 assigned to the mobile 
station is formed of QPCH slots 3 8. During operation, a particular QPCH 

20 slot 38 is also assigned to a mobile station, for the same time period during 
which a paging channel slot 34 is assigned to the mobile station, again, e.g., 
during 1.28 second assignations. The QPCH slots 38 are, however, offset 
from the paging-channel slots 34 by 100 ms offsets. And, two-page 
indication bits 44 in the QPCH slot 38 are assigned to each mobile station. 

25 The page indication bits are separated by at least 20 ms separations. 

As set forth in an existing proposal for the cdma2000 standard, when 
the page indication bits 44 are detected at a mobile station, the mobile 
station is alerted to detect the contents of the paging message broadcast to 
the mobile station on a subsequent paging channel slot. That is to say, if the 

30 mobile station detects energy of page indication bits 44 during a first time 
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period , the mobile station is caused to determine the informational content 
of a paging message broadcast to a subsequent paging channel slot. While 
the existing manner by which to make use of the page indication bits 44 
utilizes a prescribed scheme, operation of an embodiment of the present 
5 invention takes advantage of determinations of operating conditions to more 
efficiently utilize, or determine not to utilize, the page indication bits. 

Figure 3 illustrates the mobile station 12, shown previously in Figure 
1, here in greater detail. The mobile station 12 is operable pursuant to an 
embodiment of the present invention. 
10 The mobile station is operable to receive forward-link signals 52 and 

to transmit reverse-link signals 54. The reverse-link signals are generated 
by transmitter circuitry 56 of the mobile station and transduced into 
electromagnetic form by an antenna transducer 58. 

The mobile station 12 further includes a receiver portion 62, also 
15 coupled to the antenna transducer 58 to receive electrical signals 

representative of the forward-link signals 52 detected by the antenna 
transducer 58 and converted into electrical form by the antenna transducer. 

The receiver circuitry 62 includes a down-converter 64, formed of 
one or more down-conversion stages, operable to down-convert in 
20 frequency the electrical signals to a baseband level. Down-converted signals 
formed by the down-converter 64 are provided to an 1/Q demodulator 66. 
Demodulated signals generated by the demodulator 66 are converted into 
digital form by an A/D (analog-to-digital) converter 68. 

Digital values are provided to a rake receiver 72 formed, in 
25 conventional manner, of rake fingers (not separately shown) and a symbol 
combiner (not separately shown). Combined signals formed by the rake 
receiver are provided to an* energy detector 74. Representations of the 
energy detected by the energy detector 74 are provided to a soft combiner 
76, also operable in conventional manner to, e.g., associate confidence 
30 levels with the received energy and to provide indications of such combined 
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values to a hard decision maker 78. The soft combiner 76, in one 
implementation, need not operate upon channels other than the QPCH. 
Values generated by the hard decision 78 are provided to a decoder 82 
which decodes sequences of such values and provides decoded signals to an 
5 information sink 84. 

The mobile station further includes a controller 86. The controller 
86 controls operation of various elements of the mobile station. The 
controller 86 is implemented, for example, as a processor having algorithms 
executable thereat for performing the control functions of the controller. 
10 Here, the controller 86 is shown to include a determiner 8S for performing 
determining functions and a selector 92 for performing selecting functions. 
The selector is coupled to receive indications determinations made by the 
determiner. The determiner is here shown to be coupled to receive 
indications of signals generated by various stages of the receiver portion 58. 
15 Determinations are made responsive to values of such signals of various 
operating parameters associated with the communication system and the 
• mobile station according to various embodiments of the present invention. 
A line 90 extending to the determiner is representative of information (i 
provided thereto in various embodiments of the present invention. Such 
20 information in one embodiment, is indicative of information related to a 
mobile-station power-up schedule. In another embodiment, such 
information is indicative of historical information related to missed pages. 
And, in another embodiment such information is indicative of other non- 
paging operation of the mobile station, such as neighbor cell searching, 
25 Such information is also indicative of information received from a base 
station on power levels of page indication bits. 

Through operation of an embodiment of the present invention, the 
mobile station 12 is provided with more control over the decoding of the 
page indication bits, such as the page indication bits 44 and 46 shown in 
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Figure 2, generated on a quick paging channel F-QPCH, as defined in the 
cdma2000 standard. 

For any of various reasons, for instance, noise, interference, 
collision, or fading, the page indication bits detected by the mobile station 
5 may be of values different than their intended values. Conversely, the levels 
of noise, interference, or fading might be so low that the page indication 
bits, when detected by the mobile station, are quite likely to correspond to 
their correct values. Determinations of such conditions can be used to 
select the manner by which, or if, the page indication bits broadcast on the 
10 F-QPCH are utilized at the mobile station. That is to say, in contrast to the 
originally-proposed manner by which the F-QPCH page indication bits are 
utilized in the same way for all operating conditions of the communication 
system, various embodiments of the present invention make use of the F- 
QPCH page indication bits in different manners. 
15 in operation, the determiner 88 determines a selected operating 

condition and provides an indication of such determination to the selector 
92. The selector, responsive thereto, selects the manner by which the page 
indication bits are utilized by the mobile station. 

If a determination is made by the determiner that, for instance, the 
20 fading conditions are so undesirable that the F-QPCH page indication bits 
are unreliable, the page indication bits are not utilized. In one 
implementation, the F-QPCH is not even accessed to detect the page 
indication bits. That is to say, if a determination is made that the page 
indication bits are unreliable, operation of the mobile station corresponds, 
25 generally, to operation of a mobile station without the use of QPCH, such as 
the slot 42 shown in Figure 2, assigned to the mobile station is always 
decoded. A possibility of missing messages on the paging channel as a 
result of misinterpretation of the values of the page indication bits is 
avoided. Power consumption of the mobile station, however, corresponds 
30 to that of an existing mobile station. When determinations are subsequently 
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made by the determiner that the likelihood of accuracy of the page 
indication bits is acceptable, use is again made of such page indication bits. 

When the determiner determines the operating conditions to be good, 
monitoring of only a single one of the page indication bits may be sufficient 
5 to make a determination of whether a paging message is broadcast to the 
mobile station on a paging channel slot. Improved power consumption 
performance of the mobile station is thereby permitted as only a single 
paging bit need be detected and its value determined. 

The determiner is operable, variously pursuant to various 
10 embodiments, make determinations of operating conditions such as: the 
received signal level of signals received at the mobile station, the received 
pilot E c /1 0 , the speed at which the mobile station is moved, the recent history 
of false alarms, and missed pages, the number of neighbor cells whose 
signals the mobile station must search, and levels of power consumption of 
15 various components of the mobile station, such as the RF front end portion, 
the base band portion, the VCO (vohage-controlled oscillator) etc., all 
conventional portions of a mobile station. Responsive to such 
determinations, selection is made by the selector 92 either to evaluate the 
page indication bits transmitted upon the F-QPCH in a selected manner, or 
20 to ignore such bits. Power consumption levels of the mobile station can 
thereby be reduced, if possible, and improved mobile station performance 
can result as missed-page rates can be reduced. 

The selector 92 is able to operate dynamically, responsive to 
changing determinations of the determiner 88. Dynamic adjustment of the 
25 manner by which the page indication bits generated on the F-QPCH are 

interpreted, responsive to determination of varying environmental conditions 
and system parameters, is possible. 

One selection by the selector 92 causes the mobile station to detect 
and determine the values of both of the page indication bits of a paging bit 
30 pair to determine whether a subsequent paging channel slot should be 
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monitored and a message generated thereon decoded. Another selection by 
the selector causes the mobile station to detect and determine the values of 
a first one of the page indication bits of a paging bit pair to make a similar 
determination. Also, selection can be made by the selector 92 to detect and 
5 determine the value of a second of the pair of page indication bits to 

determine whether the mobile station should monitor a subsequent paging 
channel slot. 

Selection is also alternately made by the selector to cause soft- 
combined pairs of page indication bits to be utilized to determine whether a 
10 subsequent paging channel slot should be monitored and a message thereon 
decoded. 

In another implementation, and as noted above, if a determination is 
made by the determiner 88 which indicates poor signal or other operating 
conditions, the page indication bits are not monitored and, instead, each 
15 paging channel slot is monitored to determine whether a page message is 
broadcast thereon. 

Figure 4 illustrates a method, shown generally at 112, by which the 
mobile station 12 (shown in Figure 3) is operable pursuant to an 
embodiment of the present invention. The method by which the mobile 
20 station is operable is dependent upon determinations of operating conditions 
of the mobile station and the radio communication system in which the 
mobile station is operable. Depending upon such determinations, selection 
is made as to the manner by which, and if, to utilize the page indication bits 
broadcast by the network infrastructure of a cdma2000 cellular 
25 communication system. And, as described above, the network infrastructure 
broadcasts paging messages to the mobile station to alert the mobile station 
of a call to be terminated thereat. The paging messages are broadcast to a 
mobile station during a paging channel slot assigned to the mobile station. 

First, and as indicated by the block 1 14, the mobile station is initially 
30 operated in a slotted mode. That is to say, the mobile station is caused to 
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be powercd-up during each paging channel slol assigned to the mobile 
station in order to detect the paging message communicated thereon. In 
between any two consecutive paging channel slots, the mobile station can 
power down to its "sleep mode". Then, as indicated by the block 1 16, at 
5 least one operating parameter is determined by the mobile station. In the 
exemplary implementation, the determiner S8 of the controller 86 of the 
mobile station 12 (shown in Figure 3) makes a determination of an operating 
characteristic of the communication system in which the mobile station is 
operable. 

10 Then, as indicated by the decision block 1 IS, a determination is 

made, based upon the determined operating parameter, whether the mobile 
station should make use of the page indication bits, such as those 
transmitted on the F-QPCH. In one implementation, the determination is 
made during every slot cycle. If not, such as when operating conditions in 
15 which the mobile station is operated are poor and the likelihood of correct 
detection of the values of the page indication bits is not assured, the no- 
branch is taken to the block 122. At the block 122, the mobile station is 
operated in conventional manner to be powered-up to monitor the next 
paging channel slot assigned to the mobile station. If, conversely, a 
20 determination is made at the decision block 1 18 that detection and 

determination of the value of a paging bit would likely be accurate, the 
yes branch is taken to the block 124 whereat the mobile station is caused to 
monitor the quick-paging channel for transmission of a paging bit thereto. 

Thereafter, and as indicated by the decision block 126, a selection is 
25 made, based upon the operating parameter determined at the block 1 16 and 
of the previously-obtained quick-paging bit, of what action should be taken 
by the mobile station. If the operating parameter indicates good operating 
conditions, selection of operation of the mobile station is made based upon 
the value of the single paging bit. If the value of the single paging bit 
30 indicates that a paging message shall be transmitted on the paging channel 
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during a subsequent paging channel slot, a branch is taken to the block 128, 
and the mobile station is caused to monitor the paging channel slot assigned 
to the mobile station and to decode a message when generated thereon. 
And, if the value of the single paging bit indicates there not to be a 
5 forthcoming message broadcast on a subsequent paging channel slot, a 
branch is taken to the block 132 and the mobile station is permitted to be 
powered-down. If, conversely, the operating conditions indicate that 
evaluation should be made of a second paging bit of a pair of page 
indication bits, a branch is taken to the block 134 whereat the mobile station 
10 is caused to monitor the quick-paging channel to determine the value of a 
second paging bit. 

Thereafter, and as indicated by the selection block 136, selection is 
made of further operation of the mobile station responsive to values of both 
the first and second page indication bits including whether to perform soft 
15 combining operations. Selection is made either to take the yes branch to the 
block 138 or the no branch to the block 142. At the block 138, the mobile 
station is caused to monitor a subsequent paging channel slot and to decode 
a paging message broadcast thereon. Conversely, at the block 142, the 
mobile station is permitted to power-down and not monitor the subsequent 
20 paging channel slot. 

Figure 5 illustrates a method, shown generally at 152, of an 
embodiment of the present invention. The method is for operating a radio 
device in a selected manner to receive paging methods selectively broadcast 
to the radio device upon a paging channel slot assigned to the radio device. 
25 The radio device further receives page indication bits transmitted at time 

intervals corresponding to the paging channel slot. The page indication bits 
are of values representative of transmission of a paging message upon the 
paging channel slot. 

First, and as indicated by the. block 1 54, the signal quality levels of 
30 the page indication bits responsive to indications of an operating parameter 
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of signal condition related to transmission of the page indication bits are 
determined. Then, and as indicated by the block 156, the selected manner 
by which to operate the radio device to receive the paging message 
responsive to determinations of the signal quality levels are selected. 
5 Thereby, a dynamic manner by which to cause operation of the radio 

device to receive paging messages is provided. As operating conditions in 
which the radio device is operated change, changes are made to the manner 
by which the radio device is operated to receive paging messages. 
Improved power consumption characteristics, as well as improved reliability 
10 of operation of the radio device, is provided. 

The previous descriptions are of preferred examples for implementing 
the invention, and the scope of the invention should not necessarily be 
limited by this description. The scope of the present invention is defined by 
the following claims: 
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We claim: 

1 . In a radio device operable in a radio -communication system in 
which paging messages are selectively transmitted to the radio device upon 
a paging channel slot assigned to the radio device, the paging channel slot 
5 defined upon a paging channel, and in which page indication bits are 

transmitted to the radio device at time intervals corresponding to the paging 

i 

channel slot, the page indication bits of values representative of 
transmission of a paging message upon the paging channel slot, an 
improvement of apparatus for operating the radio device in a selected 

10 manner to receive the paging messages, said apparatus comprising: 

a determiner coupled to receive indications of an 
operating parameter of conditions related to transmission of the page 
indication bits to the radio device, said determiner for determining a 
representation of the operating parameter responsive to the indications 

15 received thereat; and 

a selector coupled to receive indications of 
determinations made by said determiner, said selector operable responsive 
to the indications of the determinations made by said determiner for 
selecting the selected manner by which to operate the radio device to 
20 receive the paging message. 

2. The apparatus of claim 1 wherein the indications of the 
operating parameter to which said determiner is coupled to receive 
comprises indications of received signal levels of signals received at the 
radio device. 
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3. The apparatus of claim 1 wherein a pilot signal is broadcast 
during operation of the radio communication system and wherein the 
indications of the operating parameter to which said determiner is coupled 
to receive comprises indications of values of Ec/lo of the pilot signal when 

5 received at the radio device. 

4. The apparatus of claim I wherein the radio device is moveable 
and wherein the indications of the operating parameter to which said 
determiner is coupled to receive comprise indications of speeds at which the 
radio device is moved. 

10 5. The apparatus of claim 1 wherein the radio communication 

system includes a network infrastructure including a number of broadcasting 
stations positioned in a selected proximity to the radio device and to which 
the radio device tunes to each of the number of broadcasting stations during 
operation of the radio device and wherein the indications of the operating 

15 parameter to which said determiner is coupled to receive comprise 

indications of the number of broadcasting stations positioned within the 
selected proximity to the radio device. 

6. The apparatus of claim 1 wherein the radio device is provided 
with operative power to power component portions of the radio device and 

20 wherein the indications of the operating parameter to which said determiner 
is coupled to receive comprises indications of levels of power consumed by 
at least a selected component portion of the radio device. 

7. The apparatus of claim 1 wherein the selected manner by 
which said selector selects the radio device to be operated to receive the 

25 paging messages comprises a manner by which selection whether to decode 
a paging message is made responsive to detection of one paging bit of at 
least a pair of page indication bits to be of a selected value. 
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8. The apparatus of claim 1 wherein the selected manner by 
which said selector selects the radio device to be operated to receive the 
paging messages comprises a manner by which selection whether to decode 
the paging message is made responsive to detection of a combination of a 

5 first paging bit and at least a second paging bit of at least a pair of page 
indication bits to be of selected values. 

9. The apparatus of claim 1 wherein the radio device is powered- 
up pursuant to a power-up schedule and wherein the operating parameter 
responsive to which said determiner makes the determinations comprises the 

10 power-up schedule. 

10. The apparatus of claim 1 wherein the radio device maintains a 
history of missed-pages during prior operation and wherein the operating 
parameter responsive to which said determiner makes the determinations 
comprises the history of the missed pages. ( 

]5 ]]. The apparatus of claim 1 wherein the radio communication 

system comprises a radio base station for sending system condition 
* information to the radio device and wherein the indications of the operating 
parameter responsive to which said determiner makes the determinations, 
comprises the system condition information 

20 12. The apparatus of claim 1 wherein the selected manner by 

which said selector selects the radio device to be operated to receive the 
paging messages comprises a manner by which selection whether to decode 
the paging message is made responsive to detection of a second paging bit 
of a pair of page indication bits to be of a selected value. 

25 13. The apparatus of claim 1 wherein the selected manner by 

which said selector selects the radio device to be operated to receive the 
paging messages comprises a manner by which selection is made to decode a 
paging message irrespective of values of the page indication bits. 
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14. The apparatus of claim 13 wherein the selected manner 
comprises a manner by which the selection is made without detecting values 
of the page indication bits. 

15. The apparatus of claim 1 wherein the radio device includes a 
5 soft combiner and wherein the selected manner by which said selector 

selects the radio device to be operated to receive the paging messages 
comprises a manner by which selection whether to decode a paging message 
is made responsive to soft-combined values formed by the soft combining of 
all paging indication bits. 

10 16. The apparatus of claim 1 wherein the radio communication 

system comprises a cellular communication system wherein the radio device 
comprises a mobile station, wherein network infrastructure broadcasts 
paging signals to the mobile station, and wherein said determiner receives 
the indications of the operating parameter to determine a likelihood of the 

15 accuracy of values of the page indication bits when received at the mobile 
station. 

17. The apparatus of claim 16 wherein said selector selects the 
manner by which to operate the mobile station to receive the paging 
message responsive to a value of at least one paging bit when said 

20 determiner determines the accuracy of the page indication bits likely to be 
valid. 

18. A method for operating a radio device in a selected manner to 
receive paging messages selectively broadcast to the radio device upon a 
paging channel slot assigned thereto and defined upon a paging channel in a 

25 radio communication system, the radio device further for receiving page 
indication bits transmitted at time intervals corresponding to the paging 
channel slot, the page indication bits of values representative of 
transmission of a paging message upon the paging channel slot, said method 
comprising: 



BNSOOCID: <WO 00S4442A1_I_> 



WO 00/54442 



PCT/USOO/06168 



I 

I 



.- 23 

determining signal quality levels of the page indication 
bits responsive to indications of an operating parameter; and 

selecting the selected manner by which to operate the 
radio device to receive the paging message responsive to determinations 
5 made during said operation of determining. 

19. The method of claim 18 comprising the additional operation of 
decoding the paging message when broadcast upon the paging channel slot 
and received at the radio device. 

20. The method of claim 18 wherein said operation of determining 
10 comprises determining a likelihood of accuracy of values of the page 

indication bits when received at the radio device. 

21. The method of claim 20 wherein said operation of selecting 
comprises selecting operation of the radio device to receive the paging 
message responsive to a value of at least one paging bit responsive to a 

15 determination during said operation of determining of the accuracy of the 
page indication bits likely to be valid. 

22. The method of claim 20 wherein said operation of selecting 
comprises selecting operation of the radio device to receive the paging * 
message irrespective of a value of a paging bit responsive to a determination 

20 during said operation of determining of the accuracy of the page indication 
bits unlikely to be valid. 

23. Apparatus for operating a mobile station in a selected manner 
to receive paging messages broadcast upon a paging channel slot defined 
upon a paging channel of a cdma2000 cellular communication system, the 

25 mobile station further receiving page indication bits transmitted at time 

intervals corresponding to the paging channel slot, the page indication bits 
of values representative o transmission of a paging message upon the paging 
channel slot, said apparatus comprising: 

a determiner coupled to receive indications of an 

30 operating parameter related to the page indication bits transmittable to the 
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mobile station, said determiner for determining a representation of the 
operating parameter responsive to the indications received thereat; and 

a selector coupled to receive indications of 
determinations made by said determiner, said selector, operable responsive 

5 to the indications of the determinations made by said determiner, for 
selecting the selected manner by which to operate the mobile station to 
receive the paging message. 24. A method of selectably receiving a 
message in a telecommunications system, said telecommunications system 
having a first indication parameter, at least a second indication parameter 

10 and a plurality of operating parameters, said method comprising the steps 
of: 

determining a decision parameter, said decision 
parameter being a combination of the first and second indication parameters 
and at least one operating parameter; and 
15 receiving the message if said decision parameter is 

determined to be a selected value. 

* 25. Apparatus for selectably receiving a message in a 

telecommunications system; said telecommunications system having a first 
indication parameter, a second indication parameter and a plurality of 
20 operating parameters, said apparatus comprising: 

means for determining a decision parameter, said 
decision parameter being a combination of the first and second indication 
parameters and at least one operating parameter; and 

means for receiving the message if said decision 
25 parameter is determined to be a selected value. 
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